The aim of this study is to examine and interpret the spatial distribution of sedimentary humic substances in Lake Dalinouer. Humic substances in sediments were analyzed separately in different fractions: humins (HM), humic acid (HA), fulvic acid (FA), and different forms of organic carbon. The results showed that total organic carbon (TOC) contents varied from 7.25 to 65.54 g kg
Introduction
Natural organic matter (NOM) is present throughout the ecosystem and plays a critical role within several natural and anthropogenic processes, such as the global carbon geochemical cycle and the transport of organic and inorganic pollutants across the environmental compartments [1] [2] [3] . Among organic matter, humic substances considered to the major NOM constituent in soil and water as well as in geological organic deposits such as lake sediments, largely affect these processes. In sediments, humic substances, account for 60-75% of the total NOM [4] , being recognized as the most persistent reservoir of sedimentary organic carbon with a mean residence time of several hundred years, and therefore involved in the control of CO 2 emission to the atmosphere, being a relevant carbon sink [1, 5, 6] . These fairly stable and extremely complex copolymers have received a great deal of interest due to their active participation in biogeochemical processes.
The source of organic matter presents in soils, and sediments are mainly plants and animals residues, which, after extensive postdepositional microbiological and chemical transformations, become a natural polymeric material known as humic substances (HS) [3, 4] . The products formed tend to associate with complex chemical structures that are normally more stable than the starting materials. Generally, 2 Journal of Geochemistry HS are considered as a series of relatively high-molecularweight, brown to black colored substances formed by secondary synthesis reactions [7] . Important characteristics of HS are the ability to form complexes with metal ions and hydrous oxides and interact with clay minerals and organic compounds such as alkanes, fatty acids, dialkyl phthalates, and pesticides. In fact HS have a variety of functional groups [8] and can form strong complexes with metal ions, affecting their speciation, mobilization, and toxicity [9, 10] . The interaction of HS with oxide and clay minerals can modify their physicochemical characteristics and affect the way that these substances interact with water, metal ions, and other organic molecules [11, 12] . Traditionally, methods to separate HS from soil and sedimentary matrices have relied on their solubility in acid and alkaline solutions that differentiate HS in three main fractions: the humic acid (HA), soluble in alkali but insoluble in acid; the fulvic acid (FA), soluble in both alkali and acid solutions; and the humins (HM), an insoluble fraction [6, 7] . The humic chemistry, analytical methods, and structural models in soil and sediment are comprehensively discussed in [13] .
A number of studies have shown that HS are very complex and heterogeneous molecular systems [8, [14] [15] [16] . This implies the need of using complementary analytical techniques to infer the chemical properties of such substances; elemental analysis and in particular the H/C and C/N atomic ratios are frequently used to indicate organic matter source, degree of condensation, and the environmental conditions under which the HS were generated [8, 17, 18] . However, more detail characterization of HS is required, and other analytical techniques used are infrared, ultraviolet visible and fluorescence spectroscopy [19] [20] [21] [22] , carbon isotopic analysis [23] [24] [25] , thermal analysis and analytical pyrolysis [26] [27] [28] , wet chemistry techniques [29] , nuclear magnetic resonance techniques, and so forth.
Lake sediments reflect processes in the catchment area (e.g., runoff, atmospheric deposition, soil weathering, etc.) and in the water column (e.g., dissolution, sorption, precipitation, etc.). They act as a major repository as well as a potential source of water pollutants, that is, heavy metals and persistent organics [30] [31] [32] . Organic matters in sediments play an important role in the accumulation and bioavailability of pollutants, especially metals, and have a significant effect on the migrating and transforming course of pollutants at sediments-water interface. As the major components of the sedimentary organic matter (SOM), humic matters contain both variety of constant or trace elements and simple organic compounds which were the important source of mineral nutrition and organic nutrition, meanwhile humic matters are also one of the important energy source of some certain microorganisms in the soil. Consequently, despite the environmental relevance of HS, many aspects of their formation, functions, and structural compositions have persisted unknown since first extracted from peat bogs in Germany by Achard [33] in 1786, and the studies on HS have attracted attention. Recent researches in HS and NOM in China produced significant contributions to the advance of knowledge in this discipline [34] . Till now, the studies mainly focused on either the content distribution or the composition characteristics of HS in forest, farmland, grassland, and wetland [35] [36] [37] , but no much information was available about HS in lake sediments. An adequate knowledge of the spatial distribution and chemical structure of HS from sedimentary systems is of interest to better understand a number of processes occurring in nature. In this study, we investigated the spatial distribution and proportion of the different HS fractions as well as a number of other chemical characteristics of the surface sediments from the Lake Dalinouer. and a mean depth of 7 m, is located at the semiarid continental steppe zone with an annual precipitation of 150-300 mm and an annual average evaporation of 1600-1800 mm. The regional zonal vegetation was mainly steppe with localized sedge meadows developed in the humid riverbank and lake shore. The lake was fed insufficiently by Gong Geer River, Liangzi River, Haolai River, and Shali River from its northeast and southwest. As a consequent of continental climate and human activity, the lake water evolved into the Mg
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− type with a high pH values that ranged from 9.1 to 9.8 and mean alkalinity of 53.57 mmol L −1 . Recently, environmental and ecological problems in the Dalinouer Lake that include a decline in water level, shrinking area, increasing salinity, and increasing eutrophication are of more and more concern and become a focus area for environmental studies.
Sediment Sampling.
Locations of sampling sites in the Lake Dalinouer ( Figure 1 ) were set according to the standard methods from Lake Ecosystem Observation Method [38] . The samples were taken in July 2009; shallow water sediments (≤4 m) were sampled using a KC mod A och B (Swedaq Company, Norway), while deeper sediments (>4 m) were sampled using SA Beeker (Eijkelkamp, The Netherlands). Sediments (0-10 cm depth) were collected and quickly packed in air tight polythene bags. In addition, sediment cores collected from sites DLNE-3 and DLNE-8 and were sectioned at 2 cm interval after the overlying water was siphoned, and similarly the samples were placed into sealed polyethylene bags transported to the laboratory for storage at −20 ∘ C, and kept under refrigeration until the analytical determinations. During the sample collection, a global positioning system (GPS) was used to locate the sites. Measurements of temperature, pH, dissolved oxygen, Secchi disc visibility, and depth were recorded in situ while sampling. Prior to laboratory analysis, samples were air-dried at room temperature, ground with a mortar and pestle, and sieved with stainless-steel sieve to an adequate size (<0.2 mm).
Extraction of Organic Material and Analysis Method.
HS were extracted from sediment sample using analytic procedures based on solubility differences in acid and alkaline media [39] [40] [41] . In brief, sediment samples (10 g) were extracted with 100 mL of a mixture of NaOH (0.1 M) and Na 4 P 2 O 7 (0.1 M) at room temperature in a conical flask under N 2 atmosphere, shaken for 5 min, and then transferred into boiling water bath for 1 hour. The supernatant was separated from the insoluble residue (humins and inorganic components) by centrifugation. After acidification with concentrated HCl to pH 1, the humic acids were allowed to precipitate for 24 h at 4 ∘ C and separated from the acid-soluble supernatant by centrifugation. After freeze-drying, the humic acids were stored at 4 ∘ C until analysis; alkaline samples were kept under a nitrogen atmosphere.
The total organic carbon (TOC) content of the sediment was determined by wet chemical combustion and subsequent quantification of CO 2 by flow injection analysis (FIA). The organic phosphorus and organic nitrogen were determined as described in [42, 43] .
Light Organic Carbon Fraction Separation and Analysis.
Light organic carbon fraction was determined using a modification of Janzen and Campbell as described in [44, 45] . C in light and heavy fractions was determined previously an extracted with Dichromate Potassium Oxidation. Five grams of air-dried lake sediments were placed in a centrifuge with a 20 mL sodium iodide (Beijing Chemical works, Beijing, China) solution with density of 1.7 g cm −3 . The tubes were shaken in a water bath at constant temperature for 2 hours. After a settling period of 30 min, the samples were centrifuged at 4200 rpm for 10 min. The floating light fraction organic carbon was siphoned off with a syringe with a 2 cm long section of Tygon tubing, and the suspended material was transferred into a filtration unit (a 325 meshes light copper siever). The centrifugation-filter process was repeated at least four times to ensure complete recovery of the carbon light fraction, until no floating material remained, and the composited light fraction materials were washed in 0.01 M CaCl 2 solution. The material remaining at the bottom of the test tube (heavy organic carbon fraction) was finally washed onto a separate funnel. Both the light fraction and heavy fraction organic carbon were washed with deionized water and dried for 2 hours for 65 ∘ C. Both fraction, were weighed, ground to a fine powder (<200 meshes), and analyzed for organic carbon analysis by dichromate potassium oxidation.
Different Forms of Combined Humus and Analysis.
The combination forms of humus in lake sediments were measured through a modified Fujiping's method [46, 47] . Typically, a given quantity of 5.0 g from dry lake sediments which had removed the light organic carbon fraction was placed in a centrifuge tube with a 50 mL 0.1 N NaOH solution. The tube was shaken by hand for 5 min, incubated overnight at 30 ∘ C and then centrifuged for 15 min at 3000 rpm. The supernatant is collected and stored in a bottle of polyethylene, and this fraction is supposed to contain loosely combined humus. The residue from the first extraction was treated with 25 mL 0.1 N NaOH and 25 mL 0.1 M Na 4 P 2 O 7 (pH approximately 13), and kept at 30 ∘ C for 24 hours. Afterwards, the supernatants were separated by centrifugation at 3000 rpm for 15 min, and this fraction contains the stable combined humus. The residues at the bottom of the tube contained the tightly combined humus, this fraction is washed three times with distilled water, and the organic carbon content measured. To avoid cross-contaminate, the tubes were not re-used.
The supernatants above-mentioned were treated with H 2 SO 4 (0.5 mol L −1 ), and pH was adjusted to 7 and evaporated to dryness at 80 ∘ C in a water bath. Finally, the organic carbon in loosely and stably combined humus fractions was estimated through a modified dichromate potassium oxidation method.
Quality Control and Statistical
Analyses. All reagents used are verified to be contaminant-free. All equipment and glassware used to analyze samples are verified to be carbon-free or are previously combusted at 400 ∘ C for a minimum of 4 hours. All the data collected were subject to strict quality-control procedures. The experiments were carried out by triplicate, and the relative standard deviation was less than 10%. For every set of 10 samples, a method blank (solvent) was used to check interferences. Statistical analyses including mean values, linear and nonlinear fitting were performed with Statistical Program for Social Sciences (SPSS) 13.0 software. Significance levels are reported as not significant ( > 0.05) or significant ( < 0.05), and the counter maps are drawn with surfer 10.0.
Results and Discussion

Limnological Characteristics of the Studied Lake.
Basic physical-chemical analyses were made in early fall 2010 to determine the trophic status of the examined lake. Basic physical and chemical parameters of studied lake are shown in Table 1 . There were no significant differences in water temperature (varied between 20.4 ∘ C and 23.3 ∘ C), the concentration of dissolved oxygen (from 3.68 to 5.06 mg L −1 ), or pH (9.1-9.8, mean value 9.5) among water samples collected from Dalinouer Lake. However, Secchi disc visibility, total organic nitrogen, and dissolved organic carbon concentrations fluctuated distinctly in different sample sites. A relatively good synchronization between temperature and dissolved oxygen was seen ( 2 = 0.9247). As expected, temperature showed a significant inverse relationship with dissolved oxygen. In the present study, average depth of visibility was 63 cm with maximum of 60 cm and minimum of 75 cm. Electrical conductance was high but in a narrow range (9.39-9.47 ms cm −1 ) of conductivity. High conductivity values may be due to the increase concentration of dissolved salts from discharge effluents.
Based on examined physicochemical parameters, the studied lake was graded accordingly to progressing degree of eutrophication. The Lake Dalinouer, which had high water transparency and TOC and low DIC concentration, was recognized as a typical oligo/mesotrophic lake, and it fulfilled the criteria of their water trophic status proposed by Champan [48] .
Spatial Distributions of Organic Carbon in Surface Sediments.
The distributions of total organic carbon (TOC) in surface sediments are presented in Figure 2 . The concentration of TOC varied from 7.25 to 65.542 g kg −1 with a mean of 36.37 g kg −1 , and the highest concentration was found at DLNE-5, while the lowest concentration was found at DLNE-1. Burns et al. [49] reported that the total organic carbon was highest in mixing zone where the processes of flocculation were maximums. DLNE-5 is located at the mouth of Haolai River inflows, and the high percentage of organic carbon found here would be probably due to: the following primary productivity input terrestrial organic matter, preferential decomposition, and grazing by benthic organisms were dominated in estuary of Haolai River. The sedimentological characteristics in the estuary of Haolai River were much dependent upon the combination of physical forces such as runoff, currents, and waves [50, 51] . The concentrations of HM, HA, and FA in the lake sediments were detected Journal of Geochemistry , respectively, and the mean concentration of FA was about 1.5-3 times higher than that of HA. The fraction HA accounted for about 6% of the total organic matter in the sediment, whereas the FA was the second most abundant fraction in all sediment samples, accounted for about 15% of the total organic matter. It has been verified [52, 53] that the predominance of FA fraction over HA fraction which isolated from different sorbing solids in the natural water. Water pH in Dalinouer Lake was high (mean pH value 9.5), and it is known that the formation of FA are favored in alkaline environments, all of this may be the main reason of our finding with the concentration of FA higher than that of HA. In addition, the high content of exchangeable bases in sediment might increase the intensity of the humification process.
The ratio of HA/FA has been used by Naidja [54] as an indicator of humus quality. In this study, the ratios of HA/FA ranged from 0.6 to 4.1 with a mean of 1.3, and the high HA/FA values found in the sediments indicated a relatively poor humus quality. The total concentration of HS was found generally constant. The highest store of loosely combined fulvic acid in surface sediment was found in DLNE-5 with a value of 2.78 g kg −1 , both the loosely combined humic acid and the stably combined fulvic acid had a largest concentration in DLNE-6, with concentrations of 2.72 g kg
and 2.90 g kg −1 , respectively. The content of loosely combined humus, stable combined humus, and tightly combined humus accounted for 38.06∼43.32%, 9.71∼10.84%, and 46.61∼52.23% in the heavy organic carbon fractions, respectively, and the general trend was tightly combined humus > loosely combined humus > stable combined humus. HM was the dominate fraction of HS in surface sediment, accounted for about 80% of the total humic substance. The estimated organic N concentrations of the ten sites sampled from Dalinouer Lake ranged from 8.02 g kg −1 to 0.30 g kg −1 , and the mean concentration was 3.28 g kg −1 (shown in Figure 2 ). Overall, higher concentrations of TOC, ON, HM, HA, and FA occurred in surface sediment collected from the southwest of the Lake Dalinouer than those in other zones, and all measured concentrations in the surface sediment demonstrated a decreasing trend from southwest to northeast of the studied lake. These findings came with two qualifications. First, in sediments with a permanent deposition of organic matter, microbial activity led to a characteristic layering that reflected the sequence of electron acceptors according to the thermodynamic properties of the corresponding redox processes. The humification degree of phytoplankton, hydrobios, and autochthonous organic matter in surface sediment had a direct correlation with depth-related changes of water [5, 55] . It is possible that in deepwater, oxygen was consumed within a few millimeters, and anaerobic respiration and fermentation processes were responsible for the degradation and mineralization of organic matter. On the contrary, in shallow water, oxygen originated form atmosphere could easily access the water-sediment interface, and the redox and degradation processes in the upper strata of lake sediment were active and sufficient. However, the fact that the amount of exogenous organic matter input overlarge and deposited at a high rate, could lead to incomplete decomposition of organic matter, which resulted in high content of total organic carbon in surface sediment form lakeside zone. Second, the time of sample collection only represented part of one season: late summer before many leaves fell from deciduous trees. Over the course of a year, variable inputs such as leaf fall, runoff from rain, and snowmelt could affect the organic matter concentrations of the supply-river and Dalinouer Lake.
Classifying the HS isolated from sedimentary organic matter into three types of combined humus (loosely, stably, and tightly humus) had proved to be useful in studying the relationship between organic carbon and availability of sediment nutrients [56] . In this study, the tightly combined humus, the most stable of all combined humus fractions, accounted for roughly over 80% of all three fractions ( Table 2 ). The proportion of the stable fraction combined humus was higher than that in the loosely combined humus in the surface sediments from the Lake Dalinouer. Loosely combined humic acid and loosely combined fulvic acid had a similar spatial distribution in contents, but there was a large variation between stably combined humic acid and Journal of Geochemistry 7 stably combined fulvic acid. The HA/FA ratio of the loosely combine humus varied obviously whereas that of the stably combined humus showed no marked change. The difference in chemical structures and activities of FA or HA with the fractions of loosely and stably combined might be the major reason for the different spatial distribution observed. It was also observed the marked differences in dissolved organic carbon concentrations among the sampled sites (shown in Figure 2 ), the lowest dissolved organic carbon was found in DLNE-1, and similar to total organic carbon contents, the highest dissolved organic carbon concentration was found in samples from DLNE-5 (almost three times higher than in DLNE-1), indicating an inflow of organic matter to its basin.
Light fraction was commonly referred to a plant-like and less stable fraction with high carbon concentration [57] , and it has been considered as a dynamic fraction which reflects in short term shifts in soil organic matter storage and correlates well with the rate of N mineralization [58] . Heavy fraction, which is associated with clay and silt, is a more stable dense organo mineral fraction having lower carbon concentrations [59, 60] . In this work, the C of the heavy fraction varied from 7.05 to 25.5 g kg −1 , and which stock almost 98% of total organic carbon in surface sediment. The light organic C fraction presented the lowest values, only accounted for 2% of total organic carbon. This indicated that the clay and silt size fraction were the dominated aggregate size class in the surface sediment, the smaller particles had a narrower C/N ratio, and N mineralization was much greater than that in the dissolved fraction. A possible reason for this observation is that the heavy fractions from sediment with extensive microaggregate structure should have narrow ratios and less accessible organic matter, and the organic matter was accumulated in the heavy fraction, while less C was associated with the light fraction.
Under anaerobic conditions, HS could act either as electron donors or electron acceptors via free radical intermediates and so participated in oxidation-reduction reaction. The C/N ratios of organic matter were considered to be an indicator of the source of total organic matter in lake sediments. It had been reported that C/N ratios were dependent on whether cellulose was present in the plants contributing organic matter to lake sediments [61] . The C/N ratios in our study ranged from 4.7 to 24.2. Hedges et al. [62] reported that the average C/N ratios for wood, leaf, and macrophyte material in the watershed area of Amazon River were 179, 24.1 and 39.4, respectively. The fact that high C/N ratios were found in the organic matter of the surface sediments suggested that land plants were the major contributor to this organic matter fraction [5, 8, 17, 39] .
An estimation of the humification degree was often based on monitoring of HS, humic acids, and fulvic acids isolated by extraction in alkaline solution. By investigating and comparing different approaches to the analysis of the humification degree in thoroughly described [5, 55] , it was concluded that the concept of humification describes the transformation of organic matter to humus (humic substances). On this base, it was suggested that the degree of humification (HD) should be expressed in terms of the quantity of HA (C HA ) as a fraction of the total amount of HA and FA (C HA+FA ). Figure 3 illustrated the degree of humification in Dalinouer Lake. It was evident that the lowest humification was obtained in DLNE-3 with a HD value of 0.17. The highest degree of humification was found in the eastern part of lake (DLNE-8); about 81% of HA in total amount of HA and FA could be accounted for. It was possible that the degree of humification observed is related with both the origin of the organic matter and the local prevalence of anaerobic conditions. High degree of humification can be also associated with higher values of C/H, C/O, and C/N atomic ratios due to decreased acid, carbohydrate, and amino acid/protein content [5] .
The Vertical Variation of Organic Carbon in Sediment
Core. Table 3 showed the concentrations of organic carbon, nitrogen, and phosphorus in the sediment cores from Dalinouer Lake, the concentration of TOC in DLNE-3 core was obviously higher than that of in DLNE-8, and this might be related with a slower deposition of hydrophyte and microorganisms under anaerobic conditions. DLNE-3 is located at the deep water zone, anoxic, or oxygen depleted, and environments may favor the accumulation of organic matter. At the 0∼24 cm in the DLNE-8 sediment core, the concentrations of ON, SCOC, LCHA, and HA were higher than those of in DLNE-3, and the other fractions of organic carbon were lower than those of in DLNE-8 core, suggested that water depth and biomass were important in affecting factors which may govern the distribution of the different forms of organic carbon in sediments. In the DLNE-3 core sediments, HM was always the dominant fraction (36.10-54.37 g kg −1 , mean value 46.29 g kg −1 ) followed by FA (0.92-8.67 g kg −1 ) and HA (0.02-1.17 g kg −1 ) (Figure 4 ). The same trends were also observed in the DLNE-8 core (Figure 4) . HA concentrations in the surface sediments at DLNE-8 were higher that at the DLNE-3 stations; this high HA content between 0 and 5 cm in the NLNE-8 sediment core occurred, while the concentration of the other HS fractions was decreasing.
Water was one of the most important constituents of microorganisms and was also a crucial solvent contributed 8 Journal of Geochemistry to good dissolution of nutrients in the metabolism process of microbe. At 0∼24 cm layer profile, the range of RW (rate of water contents) in DLNE-3 and DLNE-8 sediment core was 54-74% and 42-80%, respectively; these appropriate rates of water content may be playing a role in promoting the activities of microorganisms. Exception for FA at DLNE-8 stations, the concentrations of other organic carbon forms presented decreasing trends in the sediment cores, which might be attributed to the degradation processes of microorganisms. Benthic microorganisms could utilize HS as energy and N sources in estuarine sediments [63] , and the biomass of microorganism decreased with depth [35] . However, HS depletions with depth were not observed in the cores probably because of the poorer nutritional value of the sedimentary organic matter but also because of the episodic deposition events that disturbed the HS profiles. The evolution of the relative proportion of the different HS fractions could provide further insights on the environmental processes involved in their formation and transformations. Among the HS fractions, HM accounted for 63.51-97.71% of the sedimentary organic matter while, HA and FA comprised 0.05-9.24% and 0.32-14.49%, respectively (Table 4) . Although the values reported in the literature vary widely, Naik and Poutanen [64] in Baltic Sea sediments observed similar HS distributions. The present results showed that most of the sedimentary organic matters were made up of HS, mostly associated with the mineral matrix (i.e., humins) [6] . The proportion of humins in sediments depended upon a number of depositional and biogeochemical conditions [30] , such as primary productivity, terrigenous inputs, water depth, sedimentation rate, grain size, oxygen concentration, and microbial activity. Those factors could all modulate the amount and the nature of the sedimentary organic matter. FA proportion fluctuated but exhibited no clear trend with depth. In contrast, HA proportions decreased with depth, suggested HA selective preservation with time in the sediments. HM proportions in sedimentary organic matter also generally decreased with depth in the sediment layers that appeared not to be disturbed in the deposition processes.
Assessment of Organic Sediment
Index. The organic load was evaluated by the Organic Sediment Index (OSI) of Ballinger and McKee (1971) [65, 66] , which was determined as the product of the percentage of organic carbon (OC wt%) and the percentage of organic nitrogen (ON wt%) in a dry sediment:
where [OC wt%] was defined as the ratio between the organic matter (%) and 1.724, while [ON wt%] was the value of total nitrogen multiplied by 0.95. The OSI had a potential range of minus ten (−10) to plus eleven (+11) which reflected the ecological status (in terms of organic loading) of a particular survey and/or station. This index was developed for the classification of sedimentary deposits affected or not by organic pollution in rivers, lakes and estuaries. Sediment assessment based on standards of organic index is shown in Table 5 , and OSI values of all sediments are in Table 6 . The surface sediments of Dalinouer Lake are characterized by a relative low organic content (OSI value ranging from 0.001 to 0.30) and a degree of pollution relatively small. However, the sediments from DLNE-5 and DLNE-6, displayed an abrupt increase of OSI value that may be in relation to other organic inputs. One reason for the abrupt increase in OSI at site DLNE-5 and DLNE-6 might be the large quantities of industrial effluents discharging into the river from nearby industrial zone of Dalinouer Lake. Furthermore, in the same area, intense agricultural activity and the associated application of agrichemicals which were introduced into the river water might be also contributing to the high OSI value of sediments in sites DLNE-5 and DLNE-6. Sediments of DLNE-5 and DLNE-6, represent deep lake sampling, where anoxic conditions prevail. According to Neufeld and Hermann [67] , anoxic conditions may accelerate the concentration of organic material, and therefore increasing the OSI value. Site DLNE-5 may also be influenced by waterborne materials, which were steadily conveyed by the river.
It was also noted a significant and strong positive correlation ( 2 > 0.78, < 0.05) among total organic carbon, total nitrogen, total phosphorus, organic phosphorus, and organic nitrogen concentrations in the studied lake ( Figure 5 ). Total organic carbon increased with the total nitrogen, and total phosphorus contents increased in lake surface sediments, which may indicate that the content of total organic carbon and the redox environment had a direct effect on the decomposition of organic nitrogen and the transformation of total phosphorus into orthophosphate in surface sediments [68, 69] . Nitrogen accumulates in sediments through numerous mechanisms, such as adsorption onto clay and soil organic matter, precipitation of nitrogen-containing organic matter, and mineralization; by heterotrophic bacteria. Different pools of nitrogen may reach the sediment and became the sources of nitrogen that were identified in soil organic matter and humic substances [70] .
Conclusion
The results of the present study showed a high spatial heterogeneity of organic nitrogen, total organic carbon, and the different fractions of humus in Lake Dalinouer. The spatial differences may be related to the discharge of surrounding rivers and with varying hydrological and geochemical 50 IV Pollution characteristics. The dominated fraction of humus in surface sediment was HM, and accounted for 74-94% of total organic carbon and 80-90% of HS. HA and FA were the productions of mineralization, in sediments, the water column conditions seemed to influence the mineralization and humification process, so, the lower concentrations of HA and FA were detected in shallow water zones where the organic matter is prone to mineralization. In the vertical variation, these HS showed decreasing trends with depth, which might correspond to the evolution in the sedimentary environment. Based on the data of OSI, the surface sediments of Dalinouer Lake were characterized by a relatively low organic content (OSI values ranged from 0.001 to 0.30), and the degree of pollution was relatively low. However, eutrophication and a sustained organic matter input are pointed as the major potential threat to Dalinouer Lake. The relationship among total organic carbon, total phosphorus, total nitrogen, organic nitrogen and organic phosphorus concentrations in the studied lake. 
